Supplementary Figure 5.
Voltage-current plot of the in situ delithiation process. In this study, we manually tune the voltage step by step with 0.1V increase each step. It takes 30 to more than 60 seconds before increasing the voltage to next step to make sure an equivalent delithiation process. The charging process ended at 4.2V due to the broken of the LNMO cathode. Figure 6 . Atomic models of antiphase boundaries. Atomic structure model of (a) antiphase boundary with one transition metal rich plane missing which we observed using in situ STEM and the common type antiphase boundary (b). Supplementary Table   Supplementary Table 1 . Data of calculation results of Figure 5 is listed. First and second columns list the data of Figure 5a , which indicates the energy difference of intact structure and structure with TM ions migration. Third to fifth columns list the data of Figure 5b and 
Supplementary

Au anode
Au anode is lifted out from Au wire with 0.3mm diameter and 99.99% purity. Au wire is the commercial product of Beijing Zhongxingbairui Technology Co., Ltd.
